Abstract: The distribution of living and fossil coral-inhabiting barnacles (family Pyrgomatidae) was investigated in Japan. Twenty eight species of living coral barnacles were found from southwest
Japan: Cantellius arcuatus, C. sinensis, C. tredecimus, C. sp. aff. albus, C. sp, aff. maldiviensis, Creusia With regard to the living coral-inhabiting barnacles (family Pyrgomatidae) in Japan, HIRO (1935) reported 1 species from Yonaguni-jima Island (Fig. 1 , Table 1 , Loc. 12) and 12 species from Tanabe Bay (Loc. 4), and UTINOMI (1962) reported 7 species from the Amakusa Islands (Loc. 6). Until 1962, 14 species of living coral barnacles were known in Japan. After that, OGAWA and MATSUZAKI (1990) found 16 species, including 9 new records for Japan, from 6 localities (Locs 1, 3, 4, 5, 9 and 11) and reidentified specimens that had been described by HIRO (1935) and UTINOMI (1962) . Up to the present, 23 species of living coral barnacles belonging to 11 genera have been recognized in Japan (Fig. 1) .
Forty nine species of living coral barnacles belonging to 17 genera have been described from the IndoWest Pacific area (ANNANDALE 1924; BORRADAILE 1903; BROCH 1931; DARWIN 1854; GALKIN 1981 GALKIN , 1982 GRAY 1831; HIRO 1931 HIRO , 1934 HIRO , 1935 HIRO , 1938 HOEK 1913; KOLOSVARY 1947; LEACH 1818; NILS-SON-CANTELL 1938; REN 1986; NEWMAN 1973, 1995; SOWERBY 1823 SOWERBY , 1839 UTINOMI 1962) . The type localities of 5 species are unknown: Cantellius octavus ROSS and NEWMAN, C. quintus ROSS and NEWMAN, Creusia spinulosa LEACH, Galkinia decima (ROSS and NEWMAN), and Paranobia halomitrae (KOLOSVARY) (KOLOSVARY 1947; LEACH 1818; ROSS and NEWMAN 1973) . Five species are known only from their type localities: Cantellius hiroi GALKIN, C. maldiviensis GALKIN, C. preobrazhenskyi GALKIN, C. sinensis REN, and Savignium orientale REN (GALKIN 1981 (GALKIN , 1982 REN 1986) . Cantellius pseudopallidus (KOLOSVARY) was described with only "Pacific area" as a geographic indicator (KOLOSFossil coral barnacles in the Indo-West Pacific area have been described only from Japan. Those so far reported include 1 species from the Pleistocene Shimosa Group, Boso Peninsula (SAKAKURA 1934; Fig.  1 Studies of the distribution in time and space on coral barnacles will give us a good understanding of their biogeography and evolution. In this paper, living and fossil coral barnacles in Japan were studied from the viewpoints of geographic distribution and the relationship between corals and coral barnacles.
Materials

Living specimens
Living coral barnacles were collected by diving in the shallow moats of fringing reefs at the following localities in the Okinawa region (Fig. 2, Table 1 ): Yonaguni-jima Island (Loc. 12), Iriomote-jima Island (Loc. 11), Kuro-shima Island (Loc. 10), and Aka-jima Island (Loc. 9). The other living specimens were collected at the following localities in Honshu and Izu Islands: Minabe (Loc. 4b; specimens with animal parts caught by fishing net), Miyake-jima Island (Loc. 3; dried shells without animal body), and Tateyama Bay (Loc. 2; specimens with animal parts). Collections at various museums and laboratories of corals from Iriomote-jima Island, Kuro-shima Island, Aka-jima Island, Sesoko-jima Island (Loc. 8), Yakushima Island (Loc. 7), the Amakusa Islands (Loc. 6), the southwest coast of Shikoku (Loc. 5), the OkiMatsushima Island (Loc. 14), Kasumi (Loc. 13), Shirahama (Loc. 4c), and Tateyama Bay (Loc. 2) were also examined. Fossil specimens Fossil coral barnacles were collected from host corals and from shell sand in the alluvium deposits at 2 localities (Loc. F-1, Holocene Numa Formation; Loc. F-2, Holocene Taito-zaki shell bed, which correlates with the Numa Formation) in the Boso Peninsula (Fig. 2 , Table 1 ).
Distribution of Living Coral Barnacles in Japan
Number of species of living coral barnacles As mentioned above, 49 species of living coral barnacles have been reported from the Indo-West Pacific area and, among them, 23 species have been reported from Japan. In this study, 28 species of living coral barnacles belonging to 12 genera were found. Two species, Cantellius acutus (HIRO) and C. sumbawae (HOEK), that were reported by UTINOMI (1962) and MATSUZAKI (1990) were not found anew (Fig.  2) . Therefore, the number of coral-barnacle species in Japan reaches 30, which constitutes more than half of the known Indo-West Pacific coral barnacles. The following 7 species belonging to 3 genera are new records in Japan: Cantellius arcuatus (HIRO), C. tredecimus (KOLOSVARY), C. sinensis, Cantellius sp. aff. albus, Cantellius sp. aff. maldiviensis, Creusia spinulosa, and Savignium sp. aff. orientale.
OGAWA and MATSUZAKI (1995) considered Megatrema oulastreae (HIRO) is synonymous with M. anglicum (SOWERBY), however, the authors consider these taxa are distinct species as well as hitherto view.
Distribution of living coral barnacles
The geographic distribution of living coral barnacles in Japan was compiled based on our research and on the geographic data of HIRO (1935) , UTINOMI (1962), and MATSUZAKI (1990) (Figs 1  and 2) . The assemblage and range of living coral barnacles are divided into five groups (Groups A-E) and four geographic areas (Areas A-D), respectively.
The division was based on the geographic gap in the number of species of coral barnacles and their composition. These are three boundaries (a-c) in between the adjacent two areas of those four areas situating along the warm Kuroshio current. Boundaries a-c are in between Okinawa-jima Island and Yaku-shima Island, in between Kyushu and Honshu or Shikoku, and in between Kii Peninsula and Izu Islands. Boundary a is very wide zone in comparison with other two boundaries because of no information about living coral barnacles in this area.
Five species belonging to 5 genera (Group A) among the 30, Cantellius sumbawae, Creusia spinulosa, Hiroa stubbingsi ROSS and NEWMAN, Savignium sp. aff. orientale, and Wanella millepora (DARWIN), range in Area A. Two species of 1 genus (Group B), Cantellius acutus and C, tredecimus, range in Areas A and B. Eleven species belonging to 6 genera (Group C) have the northern limit of their range in south Honshu, and namely, they range in Areas A-C. Group C is composed of Cantellius arcuatus, C. secundus (BROCH), C. sinensis, C. transversalis (NILSS-SOWERBY, N. orbicellae (HIRO), Pyrgoma cancellatum LEACH, Savignium crenatum (SOWERBY), Trevathana dentata (DARWIN), and Wanella elongata (HIRO). Ten species belonging to 4 genera (Group D), C. brevitergum (HIRO), C. euspinulosus (BROCH), C. gregarius (SOWERBY), C. iwayama (HIRO), C. pallidus (BROCH), C. septimus (HIRO), Cantellius sp. aff. maldiviensis, Darwiniella conjugata (DARWIN), Galkinia indica (ANNANDALE), and Megatrema anglicum range farther, to south-central Honshu (i.e. They range in Areas A-D.).
The other 2 species belonging to 2 genera (Group E), Ahoekia tanabensis (ROSS and NEWMAN) and Megatrema oulastreae, were known in the area of Kyushu and Honshu
(Areas B-D).
Therefore, south of Okinawa-jima Island (Area A), 25 species of 10 genera belonging to Groups A-D were found (Figs 1 and 2 ) in the present study. OGAWA and MATSUZAKI (1990) reported Cantellius sumbawae of Group A from Iriomote-jima Island (Loc. 11); however, this species was not found anywhere in Japan in the present study. The find of Creusia spinulosa (Group A) is the third report of its occurrence, following LEACH (1818) and ANDERSON (1992) . The authors inferred the range of M. anglicum and C. acutus in Area A, because these species have been reported from both Kyushu and central Pacific (M. anglicum of Malay Archipelago and C. acutus in Palau.) (HIRO 1938; NILSSON-CANTELL 1938; OGAWA and MATSUZAKI 1990) . The authors consider that pyrgomatids fauna in Area A consist of 28 species belonging to 11 genera.
In the Area B between Okinawa-jima Island and Honshu or Shikoku, 18 species of 8 genera belonging to Groups B-E were found (Figs 1 and 2) . UTINOMI (1962) reported Cantellius acutus from the Amakusa Islands, but this species was not found in the present study. Our record of Ahoekia tanabensis (ROSS and NEWMAN 1995; formerly named Hoekia monticulariae) at Amakusa (Loc. 6) is the first outside the type locality. The authors inferred the range of C. arcuatus, C. iwayama, C. transversalis, N. grandis, T. dentata, and W. elongata in Area B, because these species were recorded from both Honshu (Area C) and Okinawa (Area A). The authors consider that pyrgomatids fauna in Area B consist of 25 species belonging to 10 genera.
The coral Oulastrea, which is distributed widely from Japan south to Australia (VERON 1986 ) is one of the hosts of the coral barnacle M. oulastreae; however, M. oulastreae has never before been found south of Yaku-shima Island. Discovery of the species at Kasumi in Hyogo Prefecture and the OkiMatsushima Island in Shimane Prefecture are the first records in the Sea of Japan.
In southwest Honshu and Shikoku (Area C), 18 species (Groups C-E) belonging to 8 genera were found (Figs 1 and 2 ). Among them, Cantellius secundus has been known in south Kyushu (UTINOMI 1962) , but the discovery of this species in the Kii Peninsula is the first record in Honshu (Fig. 1, Loc.  4) . Cantellius septimus, C. brevitergum, Pyrgoma cancellatum, and Wanella elongata have been reported from Honshu, as well as Kyushu and/or the Okinawa region (HIRO 1935; OGAWA and MATSU-ZAKI 1990) ; however, they were not found in Honshu in the present study. The authors inferred the range of Cantellius sp. aff. maldiviensis in Area C, because this species was recorded from both the Miyake-jima Island of Area D (Loc. 3) and the Amakusa Islands of Area B (Loc. 6). The authors consider that pyrgomatids fauna in Area C consist of 23 species belonging to 10 genera.
In central Honshu (Area D), 4 species (Groups D and E) belonging to 2 genera were found in the present study, and more 7 species belonging to 4 genera have been reported by OGAWA and MATSU-ZAKI (1990) (Figs 1 and 2 ).
Fossil Coral Barnacles from the Holocene Numa Formation
Four species of fossil coral barnacles have been reported in the Indo-West Pacific: Megatrema anglicum, M. oulastreae, Savignium crenatum, and Trevathana dentata, all from Japan (SAKAKURA 1934; MIMOTO 1991) . In the present study, fossil coral barnacles of 8 species belonging to 6 genera were found: Cantellius euspinulosus, C. pallidus, Darwiniella conjugata, Galkinia indica, Megatrema anglicum, M. oulastreae, Nobia orbicellae, and Savignium crenatum. All were from the Holocene Numa Formation of the Boso Peninsula, central Japan. They belong to Groups C-E distributed along the south coast of Honshu and in Kyushu (Fig. 2) . Five species among them C. euspinulosus, C. pallidus, G. indica, D, conjugata, and N. orbicellae, are recorded for the first time as fossils. Therefore, 9 species including the above-mentioned 8 and Trevathana dentata reported by MIMOTO (1991) were known as fossils from the Indo-West Pacific (Table 4) .
Discussion
The oceanographic conditions throughout the Ryukyu Islands and southwest Japan are overwhelmingly dominated by the warm Kuroshio current. Along the path of this current from Okinawa to Honshu, the species richness of corals decreases with the lower sea water temperature (NISHIHIRA and VERON 1995) . The decrease of species richness of living corals toward the north is not so marked in but on the other hand, that of Areas B and C is VERON 1995). However, the coral barnacles do not decrease so substantially in number of species towards the north. Many species of coral barnacles in Japan have their northern limit in Honshu.
The number of species of fossil corals in the Holocene Numa Formation is similar to that of the living assemblages of corals in the southern Kii Peninsula except for the absence of fossil corals of the family Acroporidae.
For this reason, we infer that the oceanographic conditions at the time of deposition of the Numa Formation were similar to those of Kii Peninsula at the present day (VERON and MINCHIN 1992) . However, there is a difference in the number of species between fossil and living coral barnacles in the Numa Formation and south Kii Peninsula (Fig.  1) .
Living corals of the family Acroporidae are common in the Kii Peninsula, but fossil Acroporidae have not been found in the Numa Formation. One of the authors (KA) has found that many species of coral barnacles in the south Kii Peninsula live attached to Acropora. This relationship between coral barnacles and Acropora was shown without comment in the appendix table of OGAWA and MATSUZAKI (1990) . The greater number of species of living coral barnacles in the Kii Peninsula compared to the fossil coral barnacles in the Numa Formation may be due to the absence of fossil Acroporidae in the latter, as well as to oceanographic conditions such as sea water temperature. This may lead to a better understanding of distribution of coral barnacles, and host specificity. This will be discussed in a separate paper. 
